Abstract：The two-dimensional finite element formulation for the basic field equations governing electrochemical responses of ionic conducting polymer-metal composite(IPMC) actuators is proposed in the present study. Biaxial deformation of a platinum plated Nafion actuator having 4 electrodes is dominated by electro-osmosis of hydrated ions and self-diffusion of free water molecules. Some numerical studies for IPMC actuators with electric field are carried out in order to show the validity of the proposed formulation and electric field analysis for the initial condition of total charge distribution are conducted using commercial code ANSYS/Emag.
Introduction
Shahinpoor [2] presented a number of models for micro-electromechanics of IPMC as electrically controllable artificial muscles and Nemat-Nasser et al. [3] developed a micromechanical model which accounts for the coupled ion transport, electric field, and elastic deformation to predict the response of IPMCs.
Tadokoro et al. [4] proposed a whitebox actuator model on the basis of physicochemical hypotheses, in which travel of sodium ions and water molecules in the actuator membrane is assumed to generate eigenstrains causing the deformation of IPMC. The bending deformation of the IPMC (a platinum plated Nafion) upon low electric field across its thickness is dominated by internal water redistribution [4] , which is associated with electroosmosis of hydrated ions and self-diffusion of free water molecules. Two phenomena can be considered separately in the way that fast electro-osmosis is followed by much slower self-diffusion. Consequently, there is strain distribution(swelling and contraction) due to different water content throughout the thickness. The two-dimensional basic equations governing the electrochemical behavior of IPMC are approximated discretely by the finite element formulation based on Galerkin method [5] . For the accuracy of initial condition of a platinum plated Nafion actuator having 4 electrodes, the electric field analysis are conducted using commercial code ANSYS/Emag.
Two-dimensional FE Formulation for
Electrochemical Response Based on the balance of these forces, the total charge
is expressed as follows [4] .
where i is the electric current. Table 1 shows the material parameters and calculation conditions for Eq. (1). The charge concentration is calculated from the total charge.
where the initial condition :
The finite element formulation is conducted for Eq. (1) 
The following equation is obtained by the finite element formulation [5] for Eq. (2).
The substitution of Eq. (3) into Eq. (6) leads to the following form of equation.
The concentration of water molecules
is calculated by the following equation [4] . Tables 1 and 2. 3. Numerical Results
Finite Element Analysis
The electrochemical response of the 
ANSYS/Emag Analysis
The electric field analysis for the quarter symmetry model which the dielectric material was inserted between electrodes is conducted. By this analysis, the charge on the electrode plates can be calculated. Figure 4 shows the concept for electric field analysis in ANSYS/Emag.
And 
Conclusions
In the present study, two-dimensional 
